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NO- ANNUAL SUNSHENXI AND SNOWFBLL. 
By A. J. HEXBY, Chief of Division. 

The following table gives the annual percentage of sunshine 
and the total annual snowfall, by calendar years, for each of 
the regular Weather Bureau and Canadian stations. The 
amount of snowfall is given in  inches as it lay upon the 
ground ; the corresponding quantity of melted snow could 
not easily be deduced, as the rain and melted snow are not 
generally given separately. A close approximation to the 
melted snow will be obtained by taking one-tenth of the 
depth in inches, but the divisor should be smaller for the 
heavy snow of the warmer, rainy regions and larger for 
the light snow of the colder, dry regions. 

The percentage of sunshine relates especially to the day- 
time, and is obtained by taking the diflerence between 100 
and the percentages of cloudiness that are reported monthly 
from every station, and are based upon careful daily observa- 
tions and estimates. 

Charts VI1 and VI11 give 'a graphic presentation of the 
facts contained in this table: 
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THE MOON AND THE AURORA. 
By Prof. H. A. HAZEN (dated Aprlll4,1898). I 2.0 l l  Fort  Custer ......... 11 
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A belief in  some sort of an influence of the moon on the 
earth and its atmosphere has been current from the earliest 
times. In  the following paper I will discuss the evidence of 
such supposed influence on the aurora. 

The United States Signal Service and its successor, the 
Weather Bureau, have always instructed the regular observers 
to carefully scan the sky a t  nighttime for auroras. I n  addi- 
tion voluntary observers have made careful reports of all 
auroras seen by them. I n  the passage of years the number 
of these observers has largely increased, and we can not make 
an absolute comparison between the Dumber of auroras in 
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1871 and in  1893, but by dividing this interval into six 
periods we will for each group determine the average relative 
frequency of aurora8 on each day of the tropical lunar month 
and, finally, the normal relative frequency for each day from 
the mean of the 300 tropical months that  are studied. The 
original data are given in full in  Table 1, but in Table 2 fol- 
lowing it are given the total number of stations reporting 
aurorason each day of the tropical month for the whole 
period in  each of the six groups. The first horizontal row 
in Table 2 gives the number reported during 1,120 days, or 
40 months; the second to the fifth rows cover 1,400 days, or 
60 months each; and the last row covers 1,680 days, or 60 
months. I n  the next row, marked “total,” are the observa- 
tions for 8,400 days, or 300 tropical months. The row marked 
V I 1  gives the mean for an average period of 50 lunations, or 
one-sixth of the previous row, and if  we wish the average 
number of auroras for each day of the tropical month we 
must further divide each of these figures by 50. I n  obtain- 
ing the 28th figure for each month in Table 1 the record for 
the first day of the succeeding month has been used whenever 
i t  was necessary. Of course the variation in the influence, if 
there is any a t  all, would be practically unrecognizable from 
one day to the next. 

These figures have been projected in curves, see Chart S I I I .  
A simple examination of theee curves shows how fervent an 
imaginatiou would be needed to suggest the idea that  there 
is a lunar force making its influence felt through each day of 
the month, and reaching a maximum on the 14th. Curves I, 
111, IV,  and V I  show no predominating influence a t  all, and 
in the final curve, marked VII, the maximum ordinate on 
the 15th day of the month is nianifestly due to an  enormous 
number of reports that  enter into group 11. To still further 
test this question the means given in  row marked VI11 
were formed by omitting 13 of the lunar months, or 4 per 
cent of the whole. These months were those beginning 
as follows: January 1 and March 24, 1874; February 15, 
1875; February 5, 1876; February 22, April 17, and May 15, 
1877; August 1, 1880; January 27 and September 3, 1885; 
February 5 and September 11, 1887 ; and January 26, 1888. 
The last curve, VI11 on Chart SIII, shows the result of this 
process of selection. It will be seen readily that  the whole 
theory of a lunar influence upon auroras breaks down from 
first to last under this analysis. 

Objection may be made that  eliminating 4 per cent of the 
records is not justified in n study of this kind, but the fol- 
lowing proposition is submitted as applicable in all cases 
where an attempt is made to determine a law or relation 
between dissimilar phenomena: In s t u d y i n g  rclcctionsh ips by 
coincidences between p h e n o m e n a  not k ~ ~ o w n  to be relntcd,  the 
e l im ina t ion  of a t  least 25 per cent qf the  whole series of periods 
ought n o t  to make a n y  ?narkcd tli,ferencc in the supposcd coinci-  
dences, or at any ra te  should n o t  ut ter ly  blot t h e m  out.  

A little reflection will show that  during those 13 months 
an enormous number of auroras occurred, due unquestion- 
ably to so-called magnetic storms which affect, very mark- 
edly, terrestrial magnetism, and are accompanied by ont- 
bursts on the sun and well nigh universal auroras. It can 
not, for a moment, be considered that  these are caused by 
any influence of the moon. 

If it were possible to determine the cause of the aurora an 

investigation as to its probable periodicity would be com- 
paratively simple. We may say, however, that in  all studies 
of this kind, where there is a groping in the dark for a period- 
icity, if any one of several groups shows a marked fluctua- 
tion a t  any point in the period a similar marked fluctuation 
should be noted in all the groups a t  that  point, or else we 
must conclude that  there is no effect from the cause we are 
studying. For example, in the diagram, curve 11, if  we 
ascribe the marked fluctuation on the 15th to the moon, then 
each of the other groups should show the same effect, and 
since they do not show any such effect we must say that the 
moon does not cause the eflect in 11. This coiiclusion is all 
the more certain in proportion as the supposed effect is the 
more marked. 

In  general, unless some causal relationship between phe- 
nomena can be shown a prioii,  no number of apparent coinci- 
dences between such phenomena can prove its existence. 
This is a most valuable criterion in all studies of this char- 
acter. 

I n  preparing this table the auroras in the United States 
published in the WEATHER REVIEW by civil dates on Wash- 
ington, or seventy-fifth meridian standard , time, were taken 
as a basis, and there were added the observations of Mr. 
Lueders a t  Sauk City, Minn. ; a t  Toronto and Montreal, Can. ; 
and a t  Willetts Point, N. Y., so far as available. 

The date in the left-hand column is that when the moon’s 
declination is farthest north, or the beginning of a lunar 
tropical month, and the figures in column 1 are the number 
of stations reporting auroras observed on that  date. The 
figures for the 28th clay in each horizontal row are the same 
as for the 1st day of the next row, except when the fruction 
of a day carries the end of the lunar month (27.3 days) over 
to the 23th day ; it thus happens that of the figures in the 28th 
column two out of three are repeated in the first column of 
the next lower row. The mean date of the moon’s farthest 
south is between the 13th and 14th: nearer to the 14th. 

[NoTE.-The dates on which the moon’s declination is the 
greatest north or south have been taken from the first portion 
of the American Nautical Alnianac and refer to Greenwich 
mean time, astronomical reckoning; that is to say, the hours 
are counted from noon to noon, from 0 to 24. Thus, on De- 
cember 9, 1870, the moon was farthest north (23O 5‘ 50.5”) a t  
twenty hours by Greenwich astronomical reckoning, which is 
the same as 8 a. ni. of December 10, Greenwich civil reckon- 
ing. A0 the auroral records for North America have been 
kept in local dates that  begin from five to seven hours 
later than Greenwich dates, it follow0 that generally, when 
an aurora occurs in the evening of any civil date on the 
American meridinn, i t  is simultaneous with six hours later on 
the same astrononiical date on the Greenwich meridian. That 
is to say, for instance, 9 p. m., December 9, 1870, by St. Paul 
civil reckoning, is simultaneous with fifteen hours, December 
9, by Greenwich astronomical reckoning. The astronomical 
dates quoted in this table from the Nautical Almanac will, in 
the majority of casea, be the same a0 the civil dates on which 
the auroras were recorded. The exceptional cases are those 
in which the moon attains her farthest north after nine- 
teen hours Greenwich time, astronomical reckoning, but these 
can not have any effect on the result.-C. A.] 
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Sums ....................................... 
18;2,Juue7 .................................................. 

July4 .................................................. 
August1 .......................................... 
August 28 ........................................... 
SeptemberW ................................................... 
October LA? ................................................ 
November18 ....................................................... 
December15 ........................................... 

1STZ,January!Z3 ............................................................... 

16?3,January12 ...................................... 
Sums ....................................... 

February8 .................................................................... 

1873,Yarch7 ............................................. 
April3 ........................................ 
May1 ............................................... 
M a y s  .......................................... 
June84 ......................................... 
July22 ......................................... 
August18 ..................................... 
September14 ................................... 
October11 .................................... 
November8 ............................................... 

sums ....................................... 
1873,December5 .................................................... 
1874,Januaryl .............................................. 

Jauuary 29.... .................................. 
February25 ..................................................................... 
March24 ................................................... 
Apri lm ............................................................. 
May18 .................................................. 
June14 ......................................... 
July18 ......................................... 
August8 .................................... 

sums ........................................ 
1674.September4 ................................... 

Octobe r l .  ...................................... 
October29 .............................................. 
November25 ....................................... 
December22 ................................................... 

1875,January19 .................................... 
February15 ................................................. 
March14 ............................................................... 
April10 ........................................ 
May8. .  ............................................. 

Sums ....................................... 
1675,June4 ......................................... 

July2 .......................................... 
July29 ......................................... 
August25 ........................................... 
September21 .......................................................... 
October19 ..................................... 
November15 ................................... 
December 12 .............................................................. 

1876,January9 ..................................... 
February5 ................................................................. 

Sums ....................................... 
1878,March 4 ........................................................................ 

1 ........ 1 ............ 1 2 I .... 1 ............ I I 
1 ................... 1 ... 1 .................... 1 ............................ 

1 ................ 16 9 2 2 1 1 .... 1 ........ 2 ................... , .................... ................................................................... 3 .... 3 .................... 4 ........ 1 ................ 1 ............ .............................................................................. 8 .... 1 ............ 1 1 .................................... 
1 3 ............ 25 3 ............ 1 ........ 1 ........ 1 ........ 1 2 
2 3 1 1 13 ................ 1 ............................ I ............ 

1 .................... 1 .... 3 1 .... 1 ........ 8 1 .... 1 ........ 1 2 0  3 ........ 
3 3 .... 5 1 ................ 1 ........ 1 2 .................... 1 .... 1 .... 1 .... 4 ....... 

1 1  ........................................ 6 2 8 3 4 .... 1 .... 1 2  ........ 1 1  .... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 4 3 1 1 ...I 3 ........................ 1 .................... 1 ............... 1 .... 
1 4 15 .... 2 ............................ 1 .... 1 ............ 1 1 .... 8 2 ............ 

1 2 4  11 4 .... ....... ........ 1 Zi .......... 1 .... 1 1 ........ 3 11 3 
10 ............ 1 .... 2 3 ............... 2 .... 1 3  1 ....................... 

5 4 3 9 2 .... 1 2 ........ 2 1 2 5  4 5 7 1 ............ 
I ...... 11 10 3 .... 4 ........ 1 . . .  4 .... 1 .... 11 .................... 1 .... 

4 3 1 3 6 1 2 1 2 1 1 ....................... 1 .................... 
1 ........ 1 1 1 5 1 3 2 3 .... 0 2 5 ........ 2 .... 4 1 1 5  1 2 ........ 

1 .................... 8 1 2 1 .... 1 1 3 2 1 5 1 ........ 13 6 .... 1 1 ........... 
1 ........ 2 6 14 5 9 3 1 3 ........ 4 5 5 ........ 1 .... 

1 11 P7 20 !27 11 SO 60 24 19 13 18 17 47 12 20 14 6 5 16 43 21 I2 39 16 5 3 0 

3 5 4 ........ 1 ....... 2 .... E .... 1 8 If E 3 I .... 4 1 - - 7 1 8  I! 3 1 1 .... 1 ............................ 2 ........ 8 9 , 1 3 2 7 4 4 3 3 7  
I ................ 1 .................... 1 .  .. 15 6 b 1 2  .... 21 3 7 .... 1 1  1 1 2  

12 5 2 2 1 7  4 1 ........ 1 2  ............ 1 3  3 6 6 6 1 1 5  1 6  .... 2 5 7 
7 4 2 7 1 1  3 5 2 1 3  .... 1 ........ 1 .... 4 ........ 8 1 5  2 3 1 %  6 
4 3 .... 1 2  .... 1 2 8 ........ 1 2  .... 3 ....... 1 .... 1 .... 8 i..! ..... 4 9 2 
2 1 2  1 4  8 6 6 1 0  5 2 4 ........ 1 ........ 1 .................... 2 1 .... 9 3 
3 .... 1 .... 2 4 a 3 3 .... 8 3 ............ 3 7 1 .... 1 ............ 1 ....... 2 1 
1 2 .... 1 3 1 .... 4 2 . . .  3 8 2 1 ....................................................... 

1 .... 1 2 1 ............ 3 .... 1 4 I .... 1 1 1 ........... 1 ............... 
ip2 20 98 21 32 a 16 17 24 8 11 16 7 4 32 37 !XI B 27 14 31 30 29 16 9 18 55 41 

I 2 2 ........ 9 3 ....... 1 ................ 1 1  ............ 1_,-7--- 
1 1 2 1 ............ 2 7 4 1 2 20 ‘L8 79 3 3 1 1 . . . . . . . . . . . .  2 .... 

1 ........................ 25 3 3 .... 2 2 ........ 1 1 2  .... 2 9 1 .... 3 1 ... 1 1 .... 
1 3 55 1; 3 3 .... 3 ........ 1 3 1 2 2 4 ........ 1 .... 

1 ............ 1 2 2  1 4 1 2 4 5 1 0 3  16 2 ....... 2 11 7 1 3 1 ............ 
2 2 1 5 1  .... I 1 6 1 5 3  .... I ........ 1 1  . . .  2 2 8  .... 2 

2 1 .... 1 3  ....... 2 1 .... 1 .... 1 1  6 3 3 3 9 2 6  3 1 1  2 3 4 
4 ........ 2 1 1  .... 2 2 1 ........ 1 .... 2 1 1  1 1  6 3 2 1 1  .... 1 1 0  9 

1 5 1 0 1 2  2 3 2 2 1 3  1 3  1 ....... 2 1 .... 1 2  1 4  2 2 ........ 1 1  8 
3 ........ 7 9 3 14 1 1 5 3 ........................................... 1 .... 1 2 3 2 

1 3 2  3 2 

__-______-____________-_____ 
. . . . . . . . . . . . . . . . . . . . . . .  

--_ . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  

2 4 1 14 8 3 11 19 43 1 1 1 1 1 ........... 1 .... 1 .... 
1 10155 71 19 25 6 2 3 3 2 E1 19 8 22 5 1 2 2 ...................... .... 

1 1  2 5 2 2 3 5 1 1  1 4  5 2 1 2  ................ 2 1 1  1 .... 3 
8 1 5  9 3 .... 2 4 1 .... 1 1  1 4  2 1 ........ 2 2 .................. 3 .... 

1 2  1 1  1 1  3 2 ........ 3 2 2 1 ........ 1 1  1 1  1 .... 1 1 
1 ........ 1 1 1 2 .... 1 ........ 1 3 ................ 2 2 9 1 1 3 ............ 1 .... 

1 1 ............ 1 7 5 1 %  10 23 6 39 5 ........ 2 7 3 ........................ 
1 .... 1 ............ 1 1 2  2 5 1 2 1 ........ 1 7 52 9 2 2 .... 

2 .... 1 2  .... 1 .... 1 ........ 1 1 1 6 1 1 2 0 4 1 1  1 .... 2 4 8 2  .... 3 
6 8 8 1 1  .... 1 2  .... 1 ............ 2 6 2 1  .... 2 1  .... 2 3 4 1 3 4  4 

6 23 162 103 42 41 23 29 59 18 14 153 3; 55 69 59 32 14 8 16 12 8 18 63 e0 9 13’ 12 __----_- ,-,r ----_---_-____--_- 
4 .... 8 i 3 .... I ................... 2 ........ B . . .  1 1 1 3  ........ I ........ 2 2 
1 3  ........................ 5 2  .... 3 1 .... 1 .................................... 3 1 2  2 
2 ........................................ 1 .... 1 ............................... 1 1 1 1 ........ 

l . . .  1 ........... 1 1 1 2  7 4 1 3  9 .... 2 2 1 ........ 5 .... 2 ........ 1 .... 
1 1 .... 6 .... 2 .... 1 4 5 6 E 1 1 ............ 1 ................ 

1 1 ............ 4 .... 1 ........ 2 ....... 2 3 1 .... 2 1 1 1 1 ........ 1 ........ 1 
1 ........ 3 .... 1 18 6 ............ 1 1 ... 4 2 1 1 1 .......... 2 ........ 1 ........ 

2 ................ 1 4 2 .... 1 2 ........... 2 2 .... 1 .... 1 .... 
1 ........ I 2 10 2 .... 1 .... 1 1 1 2 ............ 1 .... 2 .................... 1 ........ 

I 1 1 ........ 18 16 145 2 1 1 ............ 1 1 .... 1 2 ........ 
10 5 8 6 5 15 22 12 8 22 10 12 23 31 168 10 13 11 5 5 4 9 5 7  6 

3 3 1 .................................... 1 6 d 2 ~ ~  2 1 3 ’  6 f 

___-_-_----____-______-_____ 
_ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Morch31 ...................................... 
April27 ........................................ 
May24 ........................................... 
June21 ............................................. 
July18 ......................................... 
August15 ...................................... 
September11 ................................... 
October8 ....................................... 
November4 ........................................................ 

Sums ...................................... 

2 ........................ 1 ................ 1 .... 1 .... 1 1  3 2 5  1 .... 2 3 3 1 .... 1 
1 ........................ 1 ........................ 1 1 ............ 1 3 2 1 ............ 2 2 
2 10 ........................ 1 .... 1 1 ........ 1 ....... 2 1 2 1 ................ 1 ........ 

1 2  ........ 1 4  .... 8 1 ........ 1 .... 1 ........ 1 1  1 .... 1 ........ 1 2 0  2 8 
8 4 E 1 .... 1 .... 2 1 ........ 8 1 2  1 .... 1 ....................... 2 5 4 1 1 
2 1 1 1 1 1 2 ........ 1 .... 14 .... 2 1 ............................................... 1 
1 1 1 6  6 1 1 .... 1 I .... 1 9 8  3 .... 21 21 5 1 ....................... 1 2 .... 1 
1 1 1 0  3 .... 1 .... 1 1 3 1 1 1 ........ 1 ........ 1 1 ............................... 

3 10 .... 6 2 .... 1 ............................................................. _________-_______ 4 ~ ~ ! Z 3  I /  ------_---- 
17 18 81 11 2 8 16 6 1 16 10 4 1 63 7 5 6190 11 15 241 7 11 3 1 / 1 1  16 
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TABLE l.--Rspwls of aur&rae and moon'r ddclinatkm-Continued. 

Tropical lunar months. 
- 

No, 

- 
81 
w 
89 
84 
86 
86 
87 
8B 
69 
90 

91 w 
sa 
e4 
95 
96 
97 
9e 
90 

100 

101 
lo2 
109 
1od 
106 
Io6 
107 
108 
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
113 
18) 

121 
1W 
123 
1M 
1% 
1% 
181 
128 
149 
190 

131 
182 
133 
184 
195 
136 
137 
198 
139 
140 

141 
343 
143 
144 
145 
146 
147 
148 
149 
150 

151 
1s 
153 
164 
155 
156 
157 
168 
159 
160 

Tropical lunar days. 

I&%,December2 ........................................... 
lST1.January26 .......................................................... December29 ............................................... 

F e b m a r y B  ..................................................... 
March21 .............................................. 
AprIl17 ............................................................................ 
May15 .............................................. 
June11 ........................................ 
July8 .......................................... 
August5 ........................................ 

Sums ........................................ 
18T7,Septemberl ................................... 

8ep tember6  .......................................... 
October= ...................................... 
November% ............................................................ 
December 19.. 

18;8,Januaryl6 ...................................... 
February12 ..................................... 
March11 ............................................ 
A r i l 8  .......................................... 

Beginning. 

____________________________ 
1 ........ 2 ........ 9 4 .... 1 1 .... 1 8 .... 1 .... 1 1 1 ........................ 

1 ........... 1 1 3  8 1 ................ 2 6 3 ............ 1 1 ................... 
2 5 3 1 ............ 1 2 4 3 2 1 1 1 3 4 ........ 2 ........ 

1 1 1 11 1 4 2 ... 2 .... 3 57 12 1 4 .... 1 ........... 1 1 ....... 
1 .... 2 ................ 1 1 ................ 4 .... !24 5 2 ........ 1 2 83 2 2 .... 

1 .. 1 ........ 1 .... 1 ........ 1 .... 175 7 4 4 .... 1 1 2 .... 3 5 1 .... 1 .... 
l o . . .  3 4 ........ 1 .... 1 ........ 3 .................. 1 1  .... 1 1  1 .... 1 2  6 .... 
1 5 2  ...................................... 1 1  ................... 1 .... 2 3  .... 1 ........ 
1 .... 1 1 1 2 ........ 2 ........ 4 3 1 .  ........... 1 ................... 1 .... 2 2 .... 

2 .... 4 ........ 1 e 16 3 ........ 1 .... 3 4 8 2 a .... 

_______- -_--_---________ 
12 1 6 8 i 4 5 5 17 30 6 '178 14 162 141 36 12 5 8 6 15 15 94 12 114 .... IE 
2 ............................................... 1 5 1 3 13 1 1 ............................... 

1 1 1 .... 1 ........................ 24 4 ........ 1 1 .... 2 ............................ 
1 2 ............ 1 3 39 5 1 .... 1 4 .... 11 1 ............................ 1 1 2 ........ 

1 1 .... 2 2 1 2 1 2 1 1 .... 1 1 ............................ ................................................................. 2 ............ 1 .... 2 ............ 1 ....................... 1 .... 
2 ............... 1 63 4 1 ................ 3 ............ 1 .... 4 ........................ 1 

1 ....................... 1 ........................ 2 1 ... 1 .... 2 .... 1 1 .... 2 ........... 
1 ................ 1 ........ 1 1  1 0  ........ 1 2  2 1 ............ 2 1 .... 1 ........ 

1 ................................... 1 3 ................ 1 .... ................... 
Sums.. ..................................... 

18n8.Junel ................................................ 
June28 ............................................. 
July26 ............................................................ 
Auwst 22 ........................................... 
September18 ....................................... 
October16 ...................................... 
November 12 ........................................... 
December9 ........................................... 
February2 ..................................... 

Sums ....................................... 
1879,January5. ..................................................................... 

1679,Marchl ........................................................................... 
March29 .............................................. 
April25 ........................................ 
M a y a  ............................................ 
June18 ........................................ 
July16 ............................................. 
August 14 
September8 .................................... 
October6 ..................................... 
November2 ................................... 

Sums. ...................................... 
lE79,November29 ....................................... 

December 26 
1880,JanuaryB ......................................... 

February19 ..................................... 
March 17 ........................................ 
Aprll 14 
May11 ...................................................... 
June7  ..................................................... 
July4 ................................................ 
August1 ..................................... 

Sums ........................................ 
1880,August 28 ....................................... 

7 2 ........................................ 1 ........................................... 1 .... 1 
1 1 1 ....................... 1 ........................ 1 .................... 1 ............ 1 

1 2 2 I ....... 1 .... 1 ...................................................... 
1 ................................................... 2 ...................... 1 ........ 1 ........ 
1 .... 1 4 2 .... 1 3 2 1 5 2 ...................................... 1 1 ............ 

7 ........... 1 .... 1 2 ............... 1 ........ 1 10 3 .... 1 ....................... 
1 1 2 ........ 7 ........ 2 ............ 3 3 1 2 1 1 ............ 1 .... 1 ........ 

1 ............ 1 .... 1 .... 1 .... 2 2 ........... 1 ............ 1 

3 1 3 1 6  8 8 5 5 1 0  6 1 6  5 8 1 6  1 5 1 6 1 2  4 1 3  8 1 2  2 4 1 3  2 8 

1 1 1 1 1 1 ........... 3 1 1 .  .. 1 ........ 1 .... 1 
1 .... 1 ................ 1 2  1 ................ 2 ........ 1 .... 56 7 1 1  .... 1 .... 

1 ....................................... 1 1 ............ 1 1 1 ............ 1 .......... 2 1 
9 1 2  ............................................... 3 4 3 1 . . . 0  1 .... 1 2 4 0  5 

5 3 .... 1 .... 1 2 .......................................................... 2 2 ....... 1 1 
3 2 2 ............ 1 16 ............ 1 ....... 1 1 ............... 2 3 1 6 ......... .............................................................................. 1 5 .... 1 ........................ 1 ........... 1 ............ 
7 25 10 3 1 ... 2 .... 2 1 2 3 3 2 .... 2 3 ....................................... 

2 1 7  1 1  2 1 ................... 1 1  P ........ l . . .  1 1  1 1  1 ........ 1 2  2 

10 139 30 17 I 7 3 2 3 17 I 5 7 13 8 I 8 3 1 1  10 9 187381 16 4 10 4 47 10 

1 ................ 2 .... 7 6 1 2 1 3 .............. 3 2 ........ 1 1 ................ ..................................................................... 2 ........ 2 1 ........ 2 ............... 1 ............ 1 ........ 
1 ............ 2 .... 1 .... 1 .  ............... 2 1 1 .... 1 ................................... 

1 1 .................... 1 1 .... 4 1 .... 1 ........ 1 .... 1 2 2 .... 4 10 .... 1 2 29 
P ........... 2 ................................ 1 .... 14 3 .... 1 ................................. ............................................................................................... 2 ........ 16 5 1 1 ........ 1 ............... 

2 .................... 1: ...................... 4 2 1 .................. 1 .... 1 ........ 
1 2 5 .... 2 .... 1 ............................ 1 1 ............ 1 .......... 

1 1 .............. 1 1 1 1 1 2 1 ........................ 1 .... 1 1 .... 1 
5 2 2 5 1 3  6 5 2 1 3  .... 5 0 5 0  3 1 1  ................... 1' .... 1 1  .... 1 5 

9 17 111 6 4 0 6 14 3 4 3 96 

........ ........ ........ ........... .... ................... 2 ....... 3 1 2 2 1 2 1 2 1 1 

1 ........... 1 ................ 1 1 2 1 ....!. ...................... 1 .................... 2 .... ____________________________ 
____________________________ 

2 ........ 1 1 ............ 1 , l  2 2 1 1  ............ 1 .... 1 ................ 1 .... 1 .... --__-- 
____-____ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_---__-______-______________ 
35 6 3 8 17 13 7 7 1 6 1 3 6  6 i 5 5 / M l l O  7 01 _________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _  
2 2 1 1  1 .... 1 ........ 1 ........ 6 

5 ................ 2 1 6  1 2 1  ........ 1 . .  . 
1 1 2 1 2 , 9 1 2  .... 1 .... 4 
1 4 1 2  8 l 2 1 C  3 .... 3 .... 3 3 3 

................ 1 1  2 1 1  ........ 1 

................ 10 .... 5 ........ 1 1  .... 1 

............ 1 1  4 4 3 4 1 4 . .  1 1 3 0  .... ........ .... .... 1 3 6  2 1  1 6 6 1  

.... I .... ~ ............ 1 8 3 0  4 .... 1 ........ 1 .... :::: : .... 1 -1-1 _ , _ _ _ _ - _ _ - - _ - _ _ _ _ _ - -  
a 1 13 i 43 16 15 . __  --_-- 
1 1  ....... 
1 .... 1 1  

1 2  ........ 1 
2 5 .... 1 .... 
!a ........ 3 2  
2 .... 3 4 3 1 8  

70 
1 ............ 

............ 
.............................. 

........... .... 

.... .... ........ 

................ 1 3  ........... 1 
1 ........................... 
4 3 ............ 1 ....... ............... 1 ............ 

8 7 2 .... 2 1 2  

........... 2 4 3  .... 2 ........ 5 ........ 4 0 1 7  .... 3 .................. 2 ............ 1 

.................................... 
.... ................ 6 5  

36 16 14 14 3 I e -___-- -------_- - 
1 2  ........ 1 1  ............ ........... 1 ............ 1 ............ 1 1  ................ 

1 2 7 7 w  29 ............ 1 1  1 ........ 
1 .... 1 .................... ........................ 1 1  
4 ....................... 1 
1 1  2 2 

3 2 3 2 1  .... 1 1  ....... ................ 

December 15.. .......................... 
February 8.. ........................................ 
March 7 ........................................ 
April 3 .......................................... 
May 1 .  

Sums ....................................... 
1881 ,May 28 ...................................... 

June  24... ......................................... 
July 21 ......................................... 
August 18 ....................................... 
September 14 ................................... 
October 11 ....................................... 
November 8 ....................................... 
December 5. .................................... 

1882, January 1 . .  ................................... 
January 29.. ........................................ 

Sums ....................................... 
1882, February 25.. ......................................... 

March a4. .............................................. 
April 21. ............................................. 
May 18 ............................................. 
June14 ......................................... 
July12 .......................................... 
August 8.. ........................................ 
September 4 ................................. 
October 1 ......................................... 
October 29 ............................................ 

Sums ....................................... 

1881, January 11.. .......................................... 

......................................... .... I . . '  
6 9 

1 ... 
1 

1 1 
1 2 
29 4 

1 
8 

1 ... 
1 ... 

1 

34 18 

_- 
_- _- 

_- 
_- _- 

2 
6 14 
4 1 

14 
11 13 

24 

21 88 
_- 

1 

.... 

.............. .I .... ............ ....I .... .... 1 .... 1 .... .................... ........ I... _____  _ _ _ _ I _  6 4 7 2 9 2 5 K  
I- --_- 

6 
3 

2 
1 

13 

1 

2: e 
1 

.................... ............ 1 1  
1 2 2 1 1  ........ 1 5  

1 1 .... 8 ............ 19 .... .... I 1 1 
16 3 10 3 ................. ................... _____ 
19 7 38 19 

............ 2 ................ 1 
1 2  ............ 
1 3  .... 1 .... 
2 1 1 2 5  

_____ ---_- 

1: 3: ? ; 
1 3 i . . . .  

11 6 1 .... ....... 3 ........ 

.... 
2 ........ .... 

4 6 "  2 1  ............ 
.... 2 ........ 1 1  .... 

1 1 5  1 1 1 3  4 
5 1 2i 6 2 1 2 

2 i .... 1 2  .... 2 

1 1 1 6 3  

............ 
2 2 
1 3  

4 4 .... 8 
19 4 
1 .... 
3 

33148 13 9 15114 28 8 4/120/55111 3 5 7 1  5 / 7 9  51 I _-----------_----_--- __-____-_-__________- 
1 3 . . .  3 ............ 3 3 ........ 3 P 3  3 .................... .................... 2 ........................... 2 .... 1 9  ........ 6 .... ................... 1 ............ 2 3 4 .... 2 3 ........ 6 . . .  ............................... 1 .... 2 2 ................ 6 2  6 

4 4 3 3 3  ........................ 1 1  1 1 2 2 1  1 1  3 
1 .... 1 ........ 1 ............ 1 2  ............ 20 3 8 2 .... 
5 3 3 .... 14 ........................................... 1 2  11 ................ 1 1  1 4  ............ 1 .... 3 ............ 1 .... 
1 1  1 .... 1 1  1 .................. 1 1  .................... ................ 3 . . . .  ........ 3 . . .  2 16 10 14 4 ................... 

3 4 2 5 1 0 2 0  8 8 1 6  4 2 1 0  4 6 2 4 d 3 9 1 6 3 i  4 1 5 8 )  20 
_____________________ 
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TABLE l.-Remta of auroras and  noon's cleclinafwn-Continued. 
i 

- 

NO 

- 
161 
162 
163 
164 
165 
1% 
167 
16a 
169 
1 i o  

171 
172 
173 
174 
176 
176 
1i7 
178 
179 
180 

181 
1 8-2 
185 
184 
185 
186 
1% 
188 
189 
190 

191 
192 
19'1 
Is$ 
195 
196 
197 
1% 
199 
200 

201 
m2 

m 

!ul7 
m 
209 
210 

ma 

E 

211 
212 
213 
214 
215 
216 
217 
218 
219 
m 

P2 I 
2a 
2!23 
P24 
1.5 
ZX 
22; 
2s 
E9 
230 

281 
sa2 
233 
234 
235 
2% 
m 
238 
239 
240 

Tropical lunar months. Tropical lunar days 

Beginning. 
I Moon north. 1 1 Moon sout.11. I I Moon north. 

Sums ................. 

............ .... 2 .... 
6 10 .... .... 1 2 
1 . .  1 
4 1  1 

01 10 2 ........ 32 ........ ... _ __  
41 25 38 __- -- - - .... 1 .... 1 

1 
1 

1 ........ ............ ........ .... ....... 1 ....... .... ........ .... 
6 1  1 

$ 3  4 

2 1  1 
15 .... 2 .... 

I . . . .  4 
l . . . .  4 

1 ........ 
1 

2 1  1 

7 1 26 

12 1 .... 

.... 1 .... 
1 .... 8 
1 1  2 .... l . . .  ........ 1 

14 7 11 

............ 
-- -- - 
--_ --_ 
........ 

. . . . . . . . . . . .  

........ ............ 
--_ 
--_ --_ 
............ ............ 
............ 

........... _-- 
--_ --I- ........... 

1 1 .... 
1 3 ... .... 1 .... 
I .... 1 
2 1  2 

1 6 1  3 

3 9 6  1 47 21 9 

10 I13 36 -1-1- ..;.I ; I  1; 

........ ........ . . . I  11.::;  

1 ... ............ 

........ 1 ........ 2 ........... ............ . . . . . . .  1 
2 I . . . .  
2 ........ 

10 17 22 

4 ........ 
5 ....... 
1 ........ ........ 1 .... 1 .... 
3 15 .... .... 1 2 
2 .... .a ........ 1 

15 17 6 

--_ 
_-_ --- 

............ _-- 
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TABLE 1.-Beports of aurora8 and ?noon's declinalion-Continued. 

lITO.December9 .......................... 
18i3,Decemlx?r5 .......................... 
1RV. Septemberl .  ........................ 
1881, May28 .............................. 
1885, February23 ........................ 
1888, November21 ........................ 

Tropical lunar months. Tropical lunar days. 

Moon north. I 1 Moon south. I I Moon north. 

40 56 37 71 59 73 59 55 lo?( $3 3'3 39 Rn 69 78 56 f4 67 50 41 59 86 55 51 64 58 47 103 74 
50 68 F:! E 4  111 69 81 8'1 94 150 W 108 %7 K1 3'75 421 307 193 75 44 81 66 78 77 lO!? 140 73 65 63 
50 59 87 57 81 62 47 4@ 133 57 67 32 114 I06 x8 65 64 41 92 M 42 62 85 42 39 62 3R 54 58 
50 121 I39 I55 Q 113 101 89 h6 134 lM> 89 33 51 112 R3 137 66 46 151 136 102 95 116 87 60 1!9 103 1XI 
60 84 I21 6 3  23 63 GB 93 61) Ill4 Ro 1&3 108 175 1% 200 13; 115 78 46 90 I& 124 81 74 62 rl 273 101 
60 132 83 GD ,D  71 (Hi 137 92 53 2.4 39 57 135 113 RI1 81 69 141 169 i4 113 87 1% 55 36 27 62 150 

Beginning. 

Total ........................... 300 
Mean ................. . . . . . . . . . . . I  50 

1888, November 21 .................................. 
December I9 ................................... 

1639, January 15 ..................................... 
February 11 ................................... 
March 11 ......................... 
April 7 . . .  ........................ 
May 4 ............................ .... 4 . . .  
aune 1 ............................ .......... 
June  28 ......................................... 
July s... ...................................... 

Sums ....................................... 

September 18. ................................ 

........... 

___  
1889.Aueust21 ....................................... ........ 1 

October 1 5 . .  .................................... 
November 11 .................................. 
December 9.. .......... 

1890, January 5 ............. 
February 1 ........... 
Febiuary 28 .................................... 
March 28... ..................................... 
April 24 ......................................... 

530 504 MR 475 451 4.47 516 572 5SO 4 O i  4 3  659 623 %XI 90s (801 549 482 4% 4'31 6M 5!!4 521 420 418 405 660 556 
8; SI 91 79 75 75 86 95 9; 68 70 110 1104 ,150 151 135 91 80 83 80 101 Hi 87 70 70 67 110 93 

Sums. ..................................... 5 0 1 9 5 8 % I l l  6 4 7 3 / 1 6 / 1 R l  7 1 2 7  8 25 17 - - ___  - - _- _ - _ - ________-__________ 
Is90,May 21 ............................................................................... 1 ...................... 1 2 

June  18 ............................................. 1 .................................................... 1 .... 1 2 
July15 .......................................... 1 7 4 4 ...................................................... 1 
August 11.. ............................................... 8 3 3 1 5 4 2 ............ 1 ................. 
September 7 ...................................... 1 .... 3 6 1 .... 1 1 3 .... 1 10 1 1 ............... 
October 5 ...................................... IS ........ 1 1 1 ........ 3 1 .... 1 51 2 .... 1 2 ....... 
November 1 ................................... I 1 1 ........ 2 43 .................... 12 2 1 1 ........ 1 
November%. ...................................................... 1 1 ........................ 1 ........ 1 ....... 
December26 ................................................ 1 1 ................................................ 1 ... 

1891,January!U 1 1 14 

Sums ....................................... 
1891,February 18 .................................... 1 .... 3 ....... 

March17 ........................................ 2 1 ............................ .... .... I . . .  
April14 ........................................... 1 ........ 1 ............ 1 1 .... ............... 
May11 ........................................ 1 .... 1'2 7 2 1 ........ 1 1 1 
June 8 ........................................ 1 ........................ 
July5 ........................................... 1 1 .................... 1 .... 1 ....... 1 ...................... 
August1 ........................................... 1 5 1 ................ 2 1 .... 2 2 .................... 1 
August 28 ..................................... 4'7 23 9 7 10 10 15 7 6 .... 9 24 30 25 25 15 5 ....... 
September24 ....................................... 4 10 20 15 6 2 2 ........ 1 ........ 10 
October 22. ....................................... 11 t 9 .... 2 5 2 .... 1 .................... , 1 ....... f! 1" 4 ....... 

Sums ................... 
1891, November 18 .............. 

December 16.. .............. 
181, January 12 ................ 

February 8 .  ................ 
March 6. ................... 
April 3 ...................... 
April -30.. ................... 
June  W ................. 
July 21 ..................... 
May 27 ..................... 

............ ............ ........... ............ ............ ............ ............ ............ ............ ............ ........... 

Sums ....................... 

..................................... ........ ...... . . . . .  ............... ............... ................. 
January 28 1 1 

March =... 4 6 
April 20 . .  

TABLE 3. 

~ 

20 21 
_~ 
....... 

1 ... 
3 ... 
1 1  

.... 12 
1 ... 
1 ... 
1 3  

....... 

....... 

22 
- 

... ... 
1 ... ... ... 
1 

2 

... ... 

I I I I I  

-1-1-1-1-1- ........................ ....I .... 1 .... 1 ....I .... I .... .... 1 ................ 
23 2 ................ . . . . . . . . . . . . . . .  24 
8 11 $.I 1 .... .... i .... 1 

........................ 
51 2 1  11 1 1  ....I 1 ....................... 

7 16 4 3'7 R :q 1 4 1  26 ___ _ - ____ _-__--___ 
.... 1 ............................ ....................... 2 1 .... ........ 1 1  .... 1 ........ 1 

1 ........ 1 1  ................ .... 1 ............ 1 1  ........ ................ 1 .... 1 2  1 
1 .............................. 
2 ....... 1 .................... 
2 2  ................ 1 .... 1 ............................ 2 .... 
6 4 1 3 2 2 5 5  3 

3 .... 3 .... 2 1  .... 1 1  
1 ....... 1 ........... 1 .... ................ 3 ................ ........ 1 .... 1 2  ........ 1 ........ 1 1  .... 1 2 2  1 .... 1 ........................... 

........ 2 .... 1 1  ............ 

.... 16 4 3 5 1 ........ 1 

4 1 7 1 1  5 1 2  6 2 4 4 

--- _---- - 
_______ _ _  -_____-__ ................................... 

................................... 
___  ____-- 
____ __-__ ---_----- 
... 

1 

........... ::::I 1 ; ~ : ....... .......... 

1 ............ 1 .... 
3 ........ ............ 

.................... .... , ll...] 1l.!l-": 
12 .... .... 1 1 ............ 
4 1 3  2 .... 3 

....... 13 1 ................ 12 ....... 1 ........................ 

.... 12 6 26 12 2 . .  .. 6 5 
1 . . . . . .  1 .................... .... 1 3  ........ a . . .  1 .... 

16 1 .  . . 5 4  ............ 5 .... . . . . . . . . .  5 ................ 1 

33 5 z i  87 13 5 2 12 21 

........................... 3 .... ................................ 1 ........... 1 1  7 .... 2 .... 
2 1 2  .................... 36 
4 2 5  .................... 1 
3 2 5  2 3 ................ 1 

.................................. 

__ - __ - __ __ - -_ - 
_ _ _ I  -_--__ _____--__ 

2 ............................... ;I :I..;.I..;.I ijl..;.1..3.l $ 1  4 2 
3 

- 
NO. 

I 
11 

111 
IV 
V 
VI 

VI1 

VI11 

Tropical lunar months. Lunar days. 

Selected total . .  .................. 
Selectedmean ................... 


